GABA is the major inhibitory neurotransmitter in the central auditory system. Sensory 29 thalamic structures show high levels of non-desensitizing extrasynaptic GABA A receptors 30 (GABA A Rs) and a reduction in the redundancy of coded information. The present study 31 compared the inhibitory potency of GABA acting at GABA A Rs between the inferior 32 colliculus (IC) and the medial geniculate body (MGB) using quantitative in vivo, in vitro, 33 and ex vivo experimental approaches. In vivo single unit studies compared the ability of 34 half maximal inhibitory concentrations of GABA to inhibit sound-evoked temporal 35 responses, and found that GABA was 2-3 times (p < 0.01) more potent at suppressing 36 MGB single unit responses than IC unit responses. In vitro whole-cell patch-clamp slice 37 recordings were used to demonstrate that gaboxadol (GBX), a δ subunit selective 38 GABA A R agonist, was significantly more potent at evoking tonic inhibitory currents from 39 MGB neurons than IC neurons (p < 0.01). These electrophysiological findings were 40 supported by an in vitro receptor binding assay which used the picrotoxin analog, 41 [ 3 H]TBOB, to assess binding in the GABA A R chloride channel. MGB GABA A Rs had 42 significantly greater total open chloride channel capacity relative to GABA A Rs in IC (p < 43 0.05) as shown by increased total [ 3 H]TBOB binding. Finally, a comparative ex vivo 44 measurement compared endogenous GABA levels and suggested a trend towards 45 higher GABA concentrations in MGB than in IC. Collectively these studies suggest that, 46 per unit GABA, high affinity extrasynaptic and synaptic GABA A Rs confer a significant 47 inhibitory GABA A R advantage to MGB neurons relative to IC neurons. This increased 48 GABA sensitivity likely underpins the vital filtering role of auditory thalamus.
Introduction
The FBN and LE rats were 4-10 months of age and considered adult rats, based on 143 average life span (Schroeder et al. 1965; Turner and Caspary 2005) . Thirty-seven adult male FBN rats (4-6 mos) were initially anesthetized with I.M. injection 147 (1.4 ml/kg) of a 3:1 mixture of ketamine-HCl (100 mg/ml) and xylazine (20 mg/ml). 148 Anesthesia was maintained with i.p. injections of 100% urethane initially 1.3 ml/kg, and 149 then maintained at one-third of the initial amount [booster doses]). Urethane was 150 chosen as the anesthetic agent because its actions are on multiple neurotransmitter 151 systems rather than simply potentiating the effects of inhibitory systems, thus it has less 152 net effect on GABAergic neurotransmission than barbiturates or other anesthetic agents 153 (Hara and Harris 2002) . Rats were placed in a modified stereotaxic frame in an IAC 154 sound-attenuating booth. For MGB, a 2 X 2 mm craniotomy was drilled, exposing the 155 dorsal surface of the cortex (-5.5 mm from Bregma; 3.5 mm lateral from midline). The IC Hancock, Blue Hills Scientific, Boston, MA) coupled to TDT System III hardware. 169 Acoustic signals were amplified (ED1), transduced (EC1), and juxtaposed to the right 170 ear canal using polypropylene tubing. The sound system was calibrated offline using a 171 quarter inch Bruel & Kjaer model 4938 microphone (Naerum, Denmark) into a simulated 172 rat ear (2-46 kHz ± 2 dB) (Palombi and Caspary 1996) . SAM carrier frequency was set 173 at the unit's characteristic frequency (CF) or BBN; rate modulation transfer functions 174 (rMTFs) were determined for each unit at 30 dB above CF threshold in response to 175 2/sec SAM stimuli (4 ms raise-fall time, 100% depth) with modulated frequency (fm) 176 stepped between 2 Hz and 512/1024 Hz. Stimuli were 450 ms in duration (presented 177 randomly across the trial among different fms) with spikes collected over a 500ms 178 period following stimulus onset (10 stimuli/envelope frequency). Multi-barrel 179 iontophoretic electrodes were coupled to a constant current system (BH-2 Neuro Phore 180 System). The balancing barrel was filled with KAc (2 M), other barrels filled with GABA 181 (500 mM, pH = 4.0, Sigma-Aldrich, St. Louis, MO) and GBX (10 mM, Ibid). Retaining 182 currents were set at -15 nA with ejection currents between 0 and 100 nA. A reversible 183 change greater than 15 percent of control was considered a positive drug effect.
184
Neurons reported here showed full baseline recovery following cessation of drug 185 application. Repeated runs were frequently used to confirm small effects.
186
Rats were cardiac perfused with phosphate buffered saline (0.1 M, pH 7.4) followed by 187 paraformaldehyde (4%). Brains were removed, placed in paraformaldehyde (1-2 hrs.), 188 transferred to sucrose (20%) overnight, sectioned at 50 µm and stained with fast thionin 189 for localization of recording sites (Palombi and Caspary 1996 Kd, which optimized the potential to quantify binding differences in these two structures.
227
In brief: Adult male FBN rats (4-6 mos) were decapitated; brains rapidly removed and saline. Volume of interest (VOI) GABA levels were determined using the integrated area 248 of the spectral peak in closest approximation to 2.2 ppm (i.e., the calibration standard).
249
Animals were treated 10 min prior to euthanasia with 10 mg/kg (i.p.) 3- 
297
Based on the present data, both GABA and GBX could inhibit MGB auditory response 298 to a certain extent, but GABA appeared more efficacious than GBX. Caspary 1996), initial MGB iontophoretic studies, and the studies described above 303 suggested that MGB neurons are more sensitive to GABA application than IC neurons. 304 To quantify these suspected GABA A R sensitivity differences, we examined the impact of Fig. 2E ). Regression lines showed a dose dependent response to GABA application. 320 The 50% inhibition dosage (ID 50 ) was calculated based on the normalized spike rate.
321
Higher iontophoretic GABA doses were needed to achieve a 50% reduction of 322 discharge rate for IC units (Fig. 2E) . The mean ID 50 was significantly lower (14.01 ± 3.00 323 nA) for MGB units compared to IC units (49.56 ± 6.75 nA) (**p < 0.01, independent t-324 test) ( Fig. 2F ). We also compared ID 50 for GABA sensitivity between the two major MGB 325 divisions for nine well localized dMGB and 15 vMGB units (Fig. 2G) . No significant ID 50 326 differences in GABA A R sensitivity were found (p > 0.05, independent t-test). 327 The amplitude of GBX evoked tonic currents were revealed by addition of 10 µM GBZ, a 341 GABA A R antagonist (Fig. 3B ). Comparison of dose response curves revealed that GBX 342 was significantly more potent in activating tonic currents in MGB neurons than in IC (Fig. 3C ). Both MGB and IC showed desensitization at higher GABA 387 concentrations following peak values that reflected a high percentage of closed 388 GABA A R Clchannels at 1000 nM and 5000 nM. 
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GABA level by 1 H-MRS: IC and MGB, an ex vivo comparison
392 Improvements in magnetic resonance spectroscopy enabled the acquisition of well-393 resolved spectra from small tissue volumes, as documented in a recent study (Brozoski 394 et al. 2012). Absolute GABA tissue levels were obtained from IC and MGB using high 395 resolution point-resolved proton magnetic resonance spectroscopy ( 1 H-MRS) (Fig. 4A) . 396 IC, vMGB, and dMGB were selected separately in each rat, and data from left and right 397 hemispheres were combined. Mean GABA concentrations for each structure were 398 dMGB = 3.72 ± 1.13, vMGB = 3.05 ± 0.86, and IC = 1.50 ± 0.29 (Fig. 4B , presented as 399 mM, mean ± SE). A non-significant trend toward higher GABA levels was found for both were carefully conducted but differ significantly in methodology from the present study.
477
The differences between these studies are likely due to use of indirect measures, using 478 different sample/tissue treatments and species differences. The present 1 H-MRS 479 studies used direct measures of GABA concentration against a known standard and 480 found a trend toward higher MGB GABA concentrations relative to IC GABA 481 concentrations,in agreement with our previously published study (Brozoski et al., 2012) . 482 The present findings support the notion that elevated GABA levels in MGB could 483 underpin the unique distribution of GABA A R high affinity constructs found in thalamus 484 which include extrasynaptic α 4 δ GABA A R constructs that are thought to be regulated by 
